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f  3  ABSTRACT 


Observotions  of  tenperoture,  electrical  conductivity,  ond  salinity  in  the  Thames  River, 
Connecticut,  mode  aver  a  12-month  period,  are  used  to  provide  w  preliminary  description  of 
the  Thames  River  estuory.  Longitudinal  profiles  of  the  river  are  presented  to  show  the  effects 
af  upland  streom  discharge  upo.i  the  fresH/salt  structure  of  the  river.  The  freshwater  discharge 
into  the  estuory  is  usually  smoll,  and  during  mast  af  the  yeor  the  woters  af  the  Thornes  River 
are  of  relotively  high  salinity  throughout  its  length .  During  periods  of  high  stream  discharge, 
however,  the  head  of  the  salt  wedge  may  be  pushed  severol  kilometers  dawn-iver  by  the  fresh¬ 
water  inflow  to  the  estuory.  This  report  describes  the  solinity  distribution  in  the  river  in  terms 
of  salinity  strotificotion  os  a  function  af  distance  along  the  length  af  the  river,  with  volume 
af  freshwater  dischorge  os  the  porameter. 
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freshwoter  dischorge  os  the  porometer. 
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SALINITY  DISTRIBUTION  IN  THE  THAMES  P.IVER: 
NEW  LONDON  TO  NORWICH,  CONNECTICUT 


INTRODUCTION 

In  the  courseof  some  laborotary  measurements,  theneed  arose  for  Infarmatianan 
thevaluesaf  electrical  conductivity  of  thewatersof  rne  Thames  River,  Connecticut. 
It  was  found  that  very  little  published  data  was  available  on  the  characteristics 
af  this  river.  It  was  known  that  the  Thames  River  estuorv  was  generally  saline  all 
the  way  up  fa  Norwich,  thot  a  .ertain  volume  af  freshwater  discharge  entered  the 
estuary  from  the  tributaries,  and  that  the  conductivity  values  should  therefareronge 
from  the  low  values  assacioted  with  the  fresh  woters  up  to  that  of  sea  water.  It  was 
nat  known  how  the  two  bodies  af  woter,  fresh  and  salt,  interacted  In  the  estuarv. 
Therefore,  in  April  1967,  preliminary  measurements  at  the  vertical  profiles  of 
electrical  conductivity  and  temperature  versus  depth  were  made  along  the  length 
af  the  Thames  River,1  and  in  July  1968  a  12-month  program  of  measurements  was 
initiated  to  determine  the  variation  of  the  fresh/salt  water  structure  of  the  river 
throughout  the  yeor.  The  results  of  these  measurements  are  the  subject  of  this  report. 


Apporently  the  fresh/salt  water  structure  of  the  Thornes  River  had  not  beer, 
previously  studied  ta  any  significant  extent.  Some  measurements  of  electrical  con¬ 
ductivity  versus  depth  had  been  made  in  1959  at  the  south  pier  of  the  New  London 
Laboratory.2  A  very  detailed  survey  wos  madeof  the  thermo  I  structure  of  the  portion 
af  the  Thames  River  in  the  immediote  vicinity  of  the  Montville  electric  power  plant 
in  the  foil  of  1968.  Other  types  of  measurements  that  hove  been  made  in  the  river 
have  been  based  mainly  on  surface-water  and  bottom-water  samples.  The  various 
measurements  have  been  made  quite  independently  of  each  other,  and  the  number 
of  different  measurement  locations  has  been  very  limited.  A  recent  paper  an  water 
pollution  cites  some  examples  of  the  different  kinds  of  measurements  that  hove  been 
made  in  the  Thames  River:  rodioactivity  analysis  af  surface  waters  and  bottom 
sediment,  analysis  af  surface  waters  far  pollution  (both  of  these  by  the  Connecticut 
State  Deportmentof  Health),  and  analysisaf  the  chemical  compostian of  surface  and 
bottom  waters  along  the  river  tby  the  United  States  Geological  Survey,  USGS).4 
The  extensive  work  by  the  USGS  an  the  inland  water  resources  at  eastern  Connecticut 
oftards  a  valuable  and  necessary  adjunct  to  the  studies  of  the  Thames  River  estuary 
itself.5*8  Currently  there  is  in  progress  o  measurement  program,  coordinated  by  the 
Marine  Technology  Society's  New  England  Section,  involving  personnel  af  local 
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laboratories,  industries,  schools,  and  universities  in  o  volunteer  cooperative  effort 
to  gother  long-term  dato  on  the  temperature,  conductivity,  dissolved  oxygen,  pH, 
ond  chemical  composition  af  the  Thornes  River  woters  that  should  contribute  sig¬ 
nificantly  to  the  understanding  ond  choracterization  of  this  estuary.9 

The  efforts  described  in  this  repor*  were  specifically  directed  toward  determining 
the  freslVsalt  water  structure  of  the  Thames  River.  Measurements  of  electrical  con¬ 
ductivity,  temperoture,  and  solinity  versus  depth  were  made  in  the  novigotion 
channel  ot  16  locations  between  New  London  Ledge  Light  and  the  tidal  basin  ot 
Norwich  an  26  doys  between  5  July  1968  and  9  June  1969.  The  results  of  these 
measurements  are  presented  here  in  terms  of  salinity  distribution  along  the  length 
of  the  river  as  a  function  of  the  amount  of  freshwaler  dischorge  into  the  estuory. 
The  variation  of  salinity  strotification  alono  the  river  is  shown  for  several  volues 
of  freshwater  discharge,  and  a  rough  estimate  of  the  flushing  time  of  the  estuary 
is  presented  for  a  very  limited  case. 

DESCRIPTION  OF  THE  THAMES  RIVER  ESTUARY 


The  Thornes  River,  locoted  in  the  southeastern  corner  of  Connecticut,  is  one 
of  four  major  estuories  opening  into  Lang  Island  Sound.  Of  the  four,  it  ronks  third 
in  volume  of  fresh  water  discharged  into  the  Sound  with  a  two-year  mean  ( 1 968— 
1969)  of  6.3  million  cubic  meters  per  doy  (m3/doy),  compared  with  48.4  million 
m3/day  from  the  Connecticut  River,  8.3  million  m3/day  for  the  Housatonic  River, 
ond  less  than  1  million  m3/day  from  the  tributaries  of  New  Haven  Horbor.  The 
combined  overage  dischorge  into  the  Sound  from  all  other  streoms  is  opproximotely 
4  million  m3/day.10 


Figure  1  is  on  outline  of  the  Thames  River  and  its  tributaries.  The  Thames  River 
estuory  extends  from  Long  Isiond  Sound  to  the  tidal  basin  ot  Norwich,  a  distance 
of  approximately  16  statute  miles  (25.8  km),  measured  along  the  center  of  the 
navigotion  chonnei  between  New  London  Ledge  Light  (Site  1)  and  Norwich  Basin 
(Site  16). 


The  severol  smoll  streoms  along  the  length  of  the  Thames  River,  which  have  a 
fatal  roinfall  drainage  orea  of  obout  60  squore  miles,  contribute  relatively  little 
fresh  wafer  to  the  estuory.  The  major  tributaries  are  the  Shetucket  River  ond  the 
Yaniic  River,  bothentering  the  Thames  at  Norwich.  A  few  miles  north  of  Norwich, 
the  Quineboug  River  joins  the  Shetucket  River.  The  droinoge  areos  of  the  three 
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mojor  river  basins  feeding  the  Thames  River  ore  743  sq  mi  for  the  Quinebaug,  514  sq 
mi  for  the  Shetucket,  and  88  sq  mi  for  the  Yontic  River  Bosin.  Figure  i  shows  oil 
of  the  Yantic  River  Basin  but  includes  only  35  percent  (260  sq  mi)  of  the  Quinebaug 
River  Basin  and  50  percent  (25/  sq  mi)  of  the  Shetucket  River  Bosin. 

The  combined  dischargeof  these  three  rivers,  os  meosured  by  the  streom-gaging 
stations  at  points  Q,  S,  ond  Y  (See  Fig.  1),  occounts  for  on  overoge  of  80  percent 
of  the  totol  amount  of  freshwoter  discharge  from  the  Thornes  River  into  Long  Islond 
Sound.  The  remaining  20  percent  is  contributed  by  the  portions  of  the  Sr.^tuckef 
ond  Quinebaug  River  Basins  downstreom  from  goging  srotions  Q  ond  S  ond  by  the 
several  small  streams  entering  the  Thames  River  below  Norwich  (See  Toble  1). 


Table  1 

DRAINAGE  AREAS  OF  TRIBUTARIES  OF  THE  THAMES  RIVER 


Stream 

Gaging 

Station* 

River  Name  and  Location 

Drainoge 

Area  (sq  mi) 

Reference 

1270 

Quinebaug  River  at  Jewett  City 

743 

Ref.  5,  p.  1 

1225 

Shetucket  River  at  Willimantic 

514 

Ref.  6,  p.  1 

1275 

Yantic  River  at  Yantic 

88.6 

Ref.  7,  p.  16 

1277 

Trading  Cave  Braak  near  Thamesville 

8.7 

Ref.  7,  p.  16 

1277.4 

Stany  Break  near  Uncasville 

7.2 

Ref.  8,  p..  48 

1277.5 

Oxoboxa  Broak  near  Mantville 

10.2 

Ref.  7,  p.  16 

1277.6 

Hunts  Brack  at  Quaker  Hi'l 

11.3 

Ref.  7,  p.  16 

1277.35 

Billings -A  very  Broak  near  Poquetanuck 

2.77 

Ref.  7,  p.  16 

— 

Jae  Clark  Braak  at  Poquetanuck 

3.15 

Ref.  8,  p.  50 

1277.25 

Shewville  Brook  at  Shewville 

11. 7  (+3?) 

Ref.  7,  p.  16 

1277.3 

Crawley  Brook  at  Poq«vfanuck 

2.24 

Ref.  7,  p.  16 

(1277.31) 

Halls  Braak  at  Poquetanuck  (combines 
1277.25  and  1277.3) 

1 7(?) 

— 

"In  Fig.  \ 

stations  1270,  1225,  and  1275  are  represented  as  Q,  S,  and  Y,  respectively. 

The  volume  of  fresh  wafer  dischorged  into  the  estuory  is  usuolly  very  sma! 
compored  with  the  huge  volume  of  seo  woter  transported  in  and  out  of  the  estuory 
by  the  tides,*  and  during  most  of  the  yeor  the  woters  of  the  Thames  River  ore 

Table  2 

SURFACE  AREA  OF  THE  THAMES  RIVER*' 


Segmenr 

(See  From  —  to : 

Fig.  14) 

Mouth  of  Thornes  River  (Line 
connecting  New  London  Harbor 

<  Light  ond  Eastern  Point,  Groton) 

<  Roil  road  bridge 

<  North  end  of  wide  dredged  oreo 
Overheod  power  coble  crossing 

D<C 

^  Mohegon-Pequot  Bridge 

E< 

Norwich 


Surface 
Lotitude  Areo 

(km2) 


41°  19. 1* 

5.23 

41  °21 .8* 

3.19 

41°24' 

2.55 

41 °26.3' 

2.93 

41  °28. 9' 

1 .53 

4r31.4' 

Tatol  15.43  km2 


"Meosured  from  Coost  ond  Geodetic  Survey  Chort  359,  "Thames 
River  and  New  London  Harbor,  Long  Island  Sound  to  Norwich." 


Me  on 

Meon 

Meon 

Extreme 

High  Woter 

Tide  Level 

Low  Woter 

Low  Water 

(ft) 

(ft) 

(ft) 

<f.) 

2.6 

1.3 

0.0 

-3.5 

3.1 

1.5 

0.0 

-3.5 

New  London 
Norwich 


*The  mean  volume  af  the  tidal  prism  was  calculated  ta  be  13.3  r  10*m2,  based  an  a  river  area  ol 
IS. 4  km2  (Table  2)  and  mean*hlgh- water  ta  mean*law-water  difference  of  2.6  ft  (0.79  IT;  at  New  London  on 
3.1  ft  (0  94  m)  of  Norwich. 


usually  af  relatively  high  salinity  throughout  its  length.  A  study  af  the  salt  water 
intrusion  into  coastal  river  basins  (Fig.  28  in  Ref.  7)  shows  that  during  periods  af 
law  stream  flow  the  upper  limits  of  the  salt  water  can  extend  almost  two  miles  up 
along  the  bottom  of  the  Shetucket  River  and  nearly  one  mile  up  along  the  bottom 
of  the  Yantic  River.  When  high  freshwater  inflow  occurs,  however,  the  effects  of 
the  stream  discharge  become  significant,  and  at  low  tide  the  freshwater  flaw  may 
push  the  head  of  the  salt  wedge  several  kilometers  downriver. 

METHODS 

The  electrical  conductivity  and  the  temperature  af  theThames  River  waters  were 
measured  in  situ  with  a  Beckman  Instruments  Type  RS5-3  Electrodeless  Induction 
Salinometer.  The  conductivity-temperature  cell  of  this  instrument  was  lowered  by 
its  cable  aver  the  side  of  a  stationary  boat  drifting  in  the  channel,  and  a  set  af 
measurements  was  made  at  each  af  several  depths  at  each  site.  The  measurement 
sites  were  chosen  to  be  next  to  channel  buoys  or  near  abviaus  landmarks  ta  facilitate 
bringing  the  boat  quickly  ta  the  same  locctian  each  time.  All  of  the  measurements 
were  made  in  the  navigation  channel,  usually  at  the  side  af  the  channel  nearest 
the  navigation  buoy.  The  crass-sectianal  profiles  af  the  river  shown  in  Fig.  2  were 
made  with  a  portable  fathometer  in  a  small  boat  during  near  law  tide  at  eachaf  the 
measurement  sites.  A  list  of  the  sites  and  their  locations  is  given  in  Table  3. 

The  dial  readings  of  conductivity,  temperature,  and  salinity  were  recorded 
manually  on  a  datasheet  and  were  later  platted  against  depth  far  each  af  the 
measurement  sites.  These  graphs  are  included  in  this  report  as  Appendix  A .  It  should 
be  pointed  aut  here  that  the  quantities  that  were  actually  measured  were  the  elec¬ 
trical  conductivity  and  the  temperature  af  the  river  water.  The  sa-called"salinity" 
value  is  a  derived  quantity  that  depends  an  the  resistance  af  the  thermistor  In  the 
conductivity-temperature  cell  and  an  the  resistance  needed  ta  balance  the  con¬ 
ductivity  bridge  in  obtaining  the  conductivity  reading."  Far  measurements  in  sea 
water,  the  salinity  dial  reading  quite  accurately  represents  thesalinity  af  the  water. 
In  regions  where  there  is  significant  mixing  af  fresh  and  salt  waters,  however,  it 
is  nat  really  valid  tc  consider  the  "salinity"  dial  readings  as  being  representative 
af  the  true  value  of  salinity.  Salinity  is  a  defined  characteristic  of  sea  water  that 
depends  mainly  on  the  chiarinity  af  the  sea  water. l2As  the  sea  water  becomes 
diluted  by  river  woter,  carbonates  and  electrolytes  such  as  organic  acids  contribute 
ta  the  conductivity,  producing  an  indication  af  a  higher  salinity  than  is  the  case. 
For  the  purpose  af  this  report,  however,  this  error  is  small.  From  a  graph  (Fig.  6 
in  Ref.  13)  af  salinity  versus  the  fraction  af  sea  waterina  mixtureafsea  water  and 
river  water,  it  is  seen  that  a  salinity  reading  of  0.2%owauld  be  200  or  300  percent 
taa  high;  a  reading  af  17o0 would  be  approximately  10  percent  toa  high;  but  for 
salinities  greater  then  3’/oothere  is  probably  no  significant  error  at  all. 
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Fig.  2.  Tronsv«rs«  Depth  Profiles  at  15  af  the  16  Measurement  Sites  along  the  Thames  River  Viewed 
Upriver  with  the  West  Side  ta  the  Left  and  the  East  Side  ta  the  Right.  (The  vertical  exaggeration  af 
depth  is  approximately  14:1.  River  width,  moximum  depth,  and  cros s-s ectianol  areu  o**  y  .vs  r  far  each 
measurement  site.  The  loeolions  af  sites  are  listed  in  Table  3.) 


Table  3 

LOCATION  OF  MEASUREMENT  SITES  IN  THE  THAMES  RIVER* 


Site  No. 

Approximate 

Latitude 

Neaiest  Buoy  or  Landmark 

Distonce  between  Site 
ond  Norwich  Basin 
(km) 

Interval 

(km) 

41°  18.3' 

New  London  ledge  Light 

25.8 

1.3 

2 

41°  19.3' 

Buoy  "6" 

24.0 

1.9 

3 

I 

41  °  20. 3' 

Buoy  "8" 

22.1 

1.6 

4 

j 

41°  21 . 2' 

Buoy  "12" 

20.5 

1.4 

5 

4,0  22' 

Buoy  "2" 

19. 1 

2.3 

6 

41*23.2' 

Buoy  "8“ 

16.8 

2.3 

7 

41*24.3' 

Buoy  "1" 

14.5 

1.4 

8 

41*25.1' 

Buoy  "5" 

13.1 

1.4 

0 

41*25.8' 

Vole  Baothouse 

11.7 

1.3 

10 

41*26.3' 

Center  of  overhead  power  cobles 

10.4 

1.2 

n 

41*26.9' 

Buoy  "’.4" 

9.2 

2.0 

12 

41*27. 6‘ 

Buoy  "20" 

7.2 

2.0 

13 

41*28.7’ 

3uoy  ”26" 

5.2 

2.4 

14 

41*29.8' 

Buoy  "33" 

2.8 

1.7 

15 

41*30.7’ 

Buoy  "40" 

1.1 

1.1 

_ 1! _ 

41*31.2’ 

Approximate  center  of  Norwich  Basin 

0 

*See  Coast  ond  Geodetic  Survey  Chort  No.  359. 


At  the  outset  af  this  measurement  program,  the  intent  had  been  to  make  a 
complete  set  af  measurements  along  the  Thames  River  an  a  nearly  biweekly  basis. 
The  days  an  which  the  data  were  ta  be  taken  were  those  an  which  high  tide  at  the 
Connecticut  State  Pier  occurred  at  naon,  plus  ar  minus  an  hour  ar  sa.  Data  w."^ 
also  ta  be  obtained  an  same  af  the  days  during  which  law  tide  at  State  Pier  occurred 
at  ar  near  naan.  The  choice  af  high-  and  law-tide  days  was  an  arbitrary  one,  but 
it  was  made  in  order  to  avoid,  as  much  as  possible,  the  variations  due  ta  tidal  effects 
It  was  also  intended  that  there  would  be  ane  ar  more  sets  af  data  taken  at  twa 
sites  (4  and  10)  covering  a  1 3 -hour  period  to  provide  frequent  observation  of  the 
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short-term  variations  of  sal'nity,  temperature,  and  electrical  conductivity  throughout 
a  complete  tidal  cycle.  As  it  turns  out,  there  were  26  successful  river  cruises 
between  5  July  1968  and  9  June  1969  (See  Appendix  B),  of  which  13  were  made 
auring  a  period  of  low  tide  plus  or  minus  2-1/2  hours  and  13  during  a  period  of 
high  tide  plus  or  minus  3  hours  (See  Appendix  C,  Table  C-5).  No  13-hour  tidal- 
cycle  measurements  were  corried  out  during  this  measurement  series. 


UPLAND  FRESHWATER  DISCHARGE 

During  periods  of  high  stream  flow,  the  amount  of  freshwuter  discharge  into 
the  Thornes  River  estuary  strongly  influences  the  salinity  distribution  in  the  river.  As 
mentioned  before,  one  measure  of  freshwater  discharge  into  the  Thames  is  the  sum 
of  the  stream  flow  values  measured  at  stream  gaging  stations  in  the  major  tributaries. 
The  United  Stotes  Geological  Survey  office  in  Hartford,  Connecticut,  provided 
the  stream  flow  records  for  1968  and  1969  of  the  daily  readings  at  stream  gaging 
stations  on  the  Shetucket  Riverat  Willimantic,  theQuineboug  Riverat  Jewett  City 
and  the  Yantic  River  at  Yantic.  Using  these  records,  we  calculated  the  doily  total 
values  for  these  three  stations  for  the  period  of  interest  af  this  report  (Appendix  C) 
and  plotted  the  values  as  discharge  rate  versus  date  (Fig.  3).  According  to  calcu¬ 
lations  by  USGS  personnel,  the  sum  of  the  values  measured  at  these  three  stations 
generally  represents  about  80  percent  of  the  total  freshwaterdischarge  into  the  Sound 
In  this  report,  the  sum  total  of  the  values  measured  at  these  three  stotions(Q,  S,  and 
Y,  shown  in  Fig.  1)  is  used  as  an  arbitrary  reference  number  in  connection  with  the 
solinity  profiles;  no  attempt  is  made  to  correct  for  the  actuol  volues  of  freshwater 
discharge  into  the  river  except  in  the  computations  of  the  flushing  time.  Various 
averages  were  computed  for  the  reodings  at  each  of  these  gaging  stations  for  the 
several  days  preceding  thedateof  measurement  (See  Appendix  C)  to  determine  the 
correspondence  between  these  readings  and  the  salinity  profiles  of  the  river.  It 
appeared  that  the  fresh/salt  structure  was  somewhat  better  related  to  the  average 
gaging  station  readings  for  the  two  days  preceding  the  date  of  measurement  than  to 
any  of  the  other  choices,  so  this  is  the  valuechosen  for  use  with  thegraphs  presented 
below  (Figures  6  through  15). 

The  freshwater  discharge  data  ore  also  presented  in  Fig.  4  in  terms  of  the 
percentoge  of  time  that  the  discharge  values  were  exceeded  versus  the  discharge 
values  themselves.  It  can  be  seen  that  during  the  period  of  interest  the  *otal  dis¬ 
charge  for  the  three  stations  was  at  least  1341  ft3/sec  for  50  percent  of  the  time. 
The  discharge  was  greater  than  176  ft3/sec  99  percent  of  the  time,  but  it  exceeded 
9980  ft3/sec  only  1  percent  of  the  time. 
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cig.  3.  Total  Daily  Discharge  af  the  Three  Major  Tributaries  as  Measured  of  Gaging  Stations  Q,  S,  and  Y  in 
Fig.  1. (These  values  represent  approximately  80  percent  of  the  actuol  freshwater  diseharce  from  tha  Thames 
River  into  Lang  Island  Sound.  The  remaining  20  percent  is  contributed  by  the  runaff  dow:  .ver  from  eoch  of 
the  gaging  stations  and  by  several  smoll  streams  entering  along  the  sides  of  the  Thames  River.) 


100  125  200  400  600  1000  2000  4000  6000  10000  20000 


R  (ft  Vied  -  DISCHARGE  VOLUME 

Fig.  4.  Exceedance  Curve  for  the  Daily  Total  Freshwoter  Discharge  Meosured  at  Gaging  Stations  Q,  S,  and  Y 
f  To  obten  discharge  vogues  in  multiply  value  in  f»3  sec  by  0.02834.  Note  that  the  crithmetic  averogo 

'2244  fr^  sec)  lor  the  period  of  interest  occurs  at  the  36*percent  exceedance  level. ) 


RESULTS 


Only  the  general  results  of  the  observations  af  electrical  conductivity,  tempera¬ 
ture,  and  solinity  in  theThomes River  are  discussed  here.  Thedetailed  results  are  pre¬ 
sented  graphically  in  Appendix  A.  One  af  the  authors  (ABB)  has  alsa  computed  and 
platted  the  saund-velacity  profiles  ossaciated  with  the  conductivity,  temperature, 
and  salinity  conditions  far  14  at'  the  26  days.  These  graphs  are  presented  in  Appendix  D. 

TEMPERATURE 

Figure  5A  shows  the  variation  through  the  year  af  the  temperature  af  two  selected 
portions  af  the  river:  the  deeper  waters  af  New  Landan  Harbor  and  the  near-surface 
wafers  af  the  upper  estuary.  The  temperature  af  the  deeper  half  af  the  body  af  salt 
water  in  the  harbor  varied  almost  sinusoidally  through  the  year,  ranging  fram  a  high 
of  19.5°C  during  early  September  ta  1.1°C  during  early  March,  with  an  estimated 
mean  far  the  year  af  10.4°C.  Crossings  af  the  mean  value  (extrapolated) occurred  in 
early  December  and  early  June.  The  temperature  of  the  fresher  water  overlying  ihe 
salt  wedge  in  the  upper  reaches  of  the  river  reflects  the  influence  af  seasonal  land 
and  air  temperatures.  The  temperature  af  this  surface  water  was  found  ta  be  nearly 
the  same  as  that  of  the  underlying  salt  water  during  the  winter,  being  a  degree  ar 
twa  colder  during  Januar,  and  February  and  a  degree  ar  sa  warmer  than  the  salt 
water  during  March.  When  the  spring  rains  came,  however,  the  temperature  differ¬ 
ential  between  the  fresh  surface  waters  and  the  underlying  salt  water  increased 
steadily  fram  a  difference  af  b.6°C  an  7  April  ta  7.6°C  an  5  May  1969,  thendipped 
ta  a  difference  af  5.2°C  an  12  May  before  increasing  further  ta  8. 1  °C  an  9  June  1 969. 
During  the  preceding  July,  the  freshwater  temperature  exceeded  the  salt-water  tem¬ 
perature  by  7.5  ta  10°C. 

ELECTRICAL  CONDUCTIVITY 

The  values  af  electrical  conductivity  for  the  salt  water  also  varied  almost 
sinusoidally,  having  a  maximum  in  early  September  af  approximately  42  miliimhas 
per  centimeter  (mmhos/cm)  and  a  minimum  in  eorly  March  af  obaut  26  mmhas/cm 
(Fig.  5B).  The  near-surface  woters  af  the  upper  reaches  at  the  river  had  conductivity 
values  ronging  fram  a  maximum  af  26  mmhas/cm  an  9  October  1968  (Site  13)  when 
there  was  law  freshwater  discharge  and  high  water  temperature,  dawn  ta  less  than 
1  mmha/cm  during  periods  of  significant  amounts  af  freshwater  discharge. 

SALINITY 

Figure  5C  shows  the  variation  through  the  year  af  the  sea  water  salinity  in  the 
lower  depths  of  the  channel  in  New  Landan  Harbor  at  Site  2.  The  salinity  of  the 
deeper  half  of  this  body  af  sea  water  was  found  ta  lie  between  31 .3  and  31 .57uo 
during  period:,  af  law  freshwoter discharge,  falling  fa  as  law  as  29.3%o (5  May  1969) 
during  the  spring  rains. 


Fig.  SA.  Temptrofure  Voriotion  through  th«  Y«ar 
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Fig.  SB.  Eloctrlcol  Conductivity  Variation  through  th*  Y»or 
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Fig.  SC.  Solinity  Voriotion  through  fit*  Y»ar 

Fiq.  5.  Graphs  of  T*mp*rotur*,  EUctrieol  Conductivity,  ond  Solinity  for  th*  D»ep*st  Portion  of  th*  Solt 
Wadg*  in  New  London  Harbor  lot  Sit*  2),  Plotted  os  Functions  of  Dot*  of  M*osur*m*nt.  (Figur*  SA  also 
shows  th*  l*mp*rotur*  variation  of  th*  n*or-surfac*  wot*rs  in  th*  upp*r  r*och*s  of  th**stuary,  indicated 

by  th*  open  circles.) 


At  some  places  along  the  river,  near  the  outfalls  of  some  of  the  larger  industrial 
power  plants,  plumes  af  warmer  water  have  been  observed  at  various  subsurface  depths. 
Studies  of  the  shape,  extent,  and  duration  of  these  plumes  require  measurements  of 
finer  spatial  and  temporal  resolution  than  those  reported  here.  Indications  of  such 
plumes  are  seen  in  the  temperature  curves  of  the  following  figures  in  Appendix  A: 
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Figure 

Site 

A -5 

7,  8,  9,  10,  and  11 

A-8 

8  and  9 

A— 1 3 

9  and  10 

A-16 

7 

A-17 

9 

A-18 

3  and  9 

A-19 

8  and  9 

Indication  of  a  subsurface  temperature  maximum  did  nat  necessarily  result  in  the 
appearance  af  a  subsurface  conductivity  maximum  because  the  delay  between 
readings  of  temperature  and  conductivity  (approximately  ane-half  minute)  allowed 
time  far  the  boat  ta  drift  away  from  the  plume  ar  far  the  plume  ta  shift  position 
(o  matter  af  a  few  meters) . 

The  occurrence  of  a  subsurface  temperature  maximum  was  also  observed  in  the 
dota  obtained  in  the  thermal  structure  survey  mentioned  in  the  Introduction.  The 
fallowing  .^formotian  was  released  through  the  courtesy  af  Mr.  Daniel  T.  Hedden, 
Northeast  Utilities  Service  Compc.iy,  Hartford,  Connecticut3: 

The  portion  of  the  Thames  River  in  the  vicinity  af  the  Mantville 
electric  power  plant  was  intensively  surveyed  during  the  period 
August  12  to  September  24,  1968,  to  determine  the  temperature 
distribution  in  the  river  and  the  relationship  af  the  temperature 
ta  the  volume  af  hcjted  coolant  water  being  discharged  fram  the 
plant.  In  the  course  of  these  meosurements,  which  were  made  far 
the  Northeast  Utilities  ServiceCampany  by  the  Marine Reseorch 
Laboratory  (Raytheon),  indications  were  found  af  a  sub-surface 
temperature  maximum  which  extended  aver  a  limited  region  in 
the  vicinity  af  the  caalant  discharge  point.  W,  Owen  has  pro¬ 
posed  the  following  mechanism  taexplain  this  sub-surface  temper¬ 
ature  maximum.  It  appears  that  the  coaling  water  far  the  power 
plant  is  taken  from  waters  below  the halacline,  and  Is  heated  by 
passage  through  the  plant,  then  discharged  (ot  a  shallower  depth) 
into  the  fresher  water  above  the  halodine.  Even  though  the 
heated  discharge  water  is  warmer  than  the  surface  water,  it  is 
mare  dense  and  it  sinks  ta  its  awn  density  level,  producing  a 
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sub-surface  temperature  maximum  in  a  stable  density  profile. 

The  location  af  the  sub-surface  maximum  upstream  ar  downstream 
from  the  discharge  point  varied  with  the  tide  phase,  but  main¬ 
tained  its  identity  far  a  significant  length  af  time  before  being 
dissipated.  (Personal  communication,  Wadsworth  Owen,  July 
1969.) 

SALINITY  PROFILES  OF  THE  THAMES  RIVER 

The  data  on  salinity  versus  depth  were  used  ta  develop  longitudinal  profiles  af 
salinity  distribution  as  a  function  af  location  along  the  length  af  the  river.  A 
computer  program  was  used  ta  perform  a  linear  interpolation  between  depths,  anc! 
the  resulting  contours  of  constant  salinity  were  printed  aut  an  a  Calcamp  platter. 

The  longitudinal  profiles  af  sai ini ty  distribu'ian  along  the  river  are  shown  in 
chranalagical  order  in  Figs.  6  through  12.  The  numbers  associated  with  the  contours 
represent  values  of  salinity  in  parts  per  thousand.  The  ordinate  values  represent 
depth  in  meters  beiow  the  river  surface.  Along  the  right-hand  margin  are  the  date 
af  measurement,  the  time  af  occurrence  af  high  ar  law  tide  at  the  Cannecticui 
State  Pier  (near  Site  4),  and  the  combined  value  af  freshwater  discharge  at  gaging 
stations  Q,  S,  and  Y  averaged  aver  the  twa  days  preceding  the  date  af  measurement . 
The  measurement  site  numbers  are  shown  along  the  abscissa,  and  the  timeaf  measure¬ 
ment  at  each  site  are  shown  along  the  tap  af  each  individual  profile.  (The  times 
shown  are  local  times;  Eastern  Standard  Time  far  the  data  taken  fram  1  November 
1968  through  21  Aprii  1969,  and  Eastern  Daylight  Timeatferwise.lTheautlineaf  rhe 
river  bottom  does  nat  represent  the  channel  center  depth  but  rather  is  the  battam 
depth  at  the  point  of  measurement,  generally  ta  aneside  or  the  other  af  the  center 
af  the  channel.  (The  measured  midchannel  depths  are  shown  in  Fig.  2.)  At  the  tap 
af  each  page,  a  map  af  the  river  reflects  the  surface  salinity  distribution  far  the 
topmast  profile  in  each  figure. 

Ta  allow  visual  comparison  between  profiles,  the  dividing  line  between  the  salt 
water  and  the  overlying  fresh  warer  was  chasen  ta  be  the  salinitycantaur  representing 
a  value  af  ten  parts  per  rhausana.  That  this  is  a  reasonable  choice  may  be  seen  by 
referring  ta  the  salinity  versus  depth  graphs  af  Appendix  T^The  10  parts  per  thousand 
value  is  the  point  at  which  the  salinity  value  has  decreased  ta  approximately  l/e 
(ar  about  37  percent)  af  the  maximum  salinity  value  measured  at  a  given  site. 

The  large  vertical  exaggeration  (250  :  1)  gives  an  imore  -s'anistic  view  af  what 
happens  fa  the  fresh/salt  structure  far  various  values  af  fre-  •.  •  discharge.  The 


14 


DISTANCE  (Vitil  FROM  NORWICH  BAS  IF' 


12  JUL  1968 
HIGH  TIDE  IIMh 


19  JUL  1968 
HIGH  TIDE  1812H 
25,6  mv«c 


5  AUG  1968 
LOW  TIDE  13248 
12,9m3/..c 


Fig.  6.  Salinity  Profilst  of  th«  Thomas  Ri  v#i  for  5,  12,  and  19  July  ond  5  August  1968 
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Pig.  10.  Salinity  Profil99  af  tha  Thomas  Rivar  For  20  Fabruory  ord  6,  13,  and  20  March  1969 
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Fiy,  12.  Salinity  Profilai  of  fha  Thomai  Rivar  for  30  April,  5  and  12  May,  ond  9  Jumt  19£9 


effect  of  the  freshwater  dischargeupon  the  salinity  distribution  in  the  river  becomes 
quite  apparent  as  anescans  the  successive  profi  les  and  their  accompanying  discharge 
values. 


SALINITY  STRATIFICATION 

The  salinity  prafilesabave  indicate  that  the  Thames  River  is  primarily  a  salt-water 
inlet  whose  structure  is  modified  by  the  froshwater  inflow  from  its  tributaries.  The 
amount  af  freshwater  discharge  varies  sa  widely  that  a  classification  af  the  river 
according  to  its  estuarine  type  cauld  range  from  that  af  a  twa-layer  flaw  type  ta 
a  salt-wedge  type  af  estuary.'4  From  the  nature  af  the  data,  it  appeal's  reasonable 
ta  classify  this  river  as  basically  a  two-layei  flaw  type  with  entrainment  and  with 
varying  degrees  af  mixing  taking  place,  depending  upon  the  river's  cross-sectional 
outlines  (thus,  the  current  velocity  profiles)  found  along  the  length  of  the  river. 

Hansen  ana  Rattray15  suggest  that  the  classification  af  an  estuary  be  based  an  its 
salinity  strati  fication  and  circulation,  where 

a.  falinity  stratification  is  the  ratio  af  the  tap-ta-boffam  salinity  difference 
to  the  mean  salinity  aver  a  transverse  cross  section  af  the  river  at  same  paint  along 
its  length,  and 

b.  Circulation  is  the  ratio  af  the  net  surface  current  velocity  to  the  mean 
freshwater  velocity  through  the  crass  section. 

When  data  an  surface  current  velocity  are  lacking,  as  is  the  case  here,  only  the 
mean  freshwater  velocity  through  the  section  can  be  obtained  (mean  freshwater 
velocity  =  freshwater  discharge  -f  cross-sectianal  areaaf  the  river).  The  net  surface 
current  velocity  is  unknawnso  that  the  circulation  parameter  can  nat  be  determined, 
and  a  Hansen-Rattray  type  af  classification  can  nat  be  defined. 

It  is  af  interest,  however,  taplat  salinity  stratification  versus  location  along  the 
length  af  the  river  far  various  valuesaf  freshwater  discharge.  Figure  13*  shows  the 
salinity  stratification  curves  far  data  taken  during  periods  af  flooding  and  high  fide, 
and  the  curves  af  Fig.  14*  represent  data  taken  during  periods  af  ebbing  and  law 
tide .  The  effectsaf  the  river-bed  topography  upon  the  stratification  became  apparent 
in  this  type  af  presentation. 


#The  number  bende  each  curve  in  Figs.  13  and  14  is  the  rate  (in  cubic  maters  per  second)  of  fresh¬ 
water  discharge  for  the  combined  readings  at  the  three  gaging  siotions  tu,  S4  uuu  Y)  uvetogeu  ovei  fne  iwa 
days  preceding  the  date  af  measurement 
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Consider  the  stretch  of  river  between  Sites  7  and  4  (See  Figs.  13  and  14).  The 
river  leaves  the  narrow  channel  at  Site  7,  broadens  out  into  the  w'de  turning  basin 
at  the  Submarine  Base  ond  continues  on  down  past  Site  6  until  it  meets  the  con¬ 
striction  at  the  bridges  below  Site  5,  then  broadens  out  again  into  New  London 
Harbor.  During  ebbing  ond  low  tide  (Fig.  14),  the  solinity  stratification  values 
decrease  smoothly  past  Sites  7,  6,  and  5.  The  stratification  value  drops  sharply  ot 
Site  4,  suggesting  that  possoge  through  the  constricted  region  at  the  bridge  has 
brought  about  o  significant  degree  of  mixing  of  the  river  waters.  During  flood  tide, 
the  incoming  sea  water  apporently  piles  up  at  the  constriction  near  the  bridges, 
thereby  impeding  the  downstream  progress  of  the  fresher  waters  of  the  river.  The 
ratio  of  fresh  water  to  salt  woter  just  above  the  bridges  increoses  so  that  the  mean 
salinity  in  thot  areo  is  reduced,  and  this  is  indicated  b>  the  increased  salinity 
stratificatior:  values  at  Site  5  (Fig.  13). 

Effects  of  the  constriction  at  Site  10  are  also  apparent.  During  flooding  and  high 
tide,  the  salinity  stratification  values  are  alwoys  lower  at  Site  10  than  they  are  ot 
Site  11  because,  while  the  subsidence  of  the  underlying  sea  water  has  increased 
the  ratio  of  fresh  water  to  salt  water  at  Site  10,  the  subsidence  of  the  level  of  salt 
water  ot  Site  11  hos  been  impeded  by  the  constriction  of  the  river  at  Site  10,  ond 
the  change  in  strotification  value  at  Site  11  is  retarded. 

In  general,  for  the  river  as  o  whole,  it  may  be  observed  from  Figs.  13  and  14 
that  for  a  given  value  of  freshwater  discharge,  the  salinity  stratification  values 
are  approximately  30  percent  higherduring  periodsof  ebbing  and  low  tide  than  they 
ore  during  flooding  and  high  tide. 

FLUSHING  TIME 

One  of  the  characteristics  of  the  Thames  River  Estuary  which  may  be  approxi¬ 
mately  calculated  from  the  data  presented  above  is  the  time  required  for  o  pollutant 
to  be  flushed  out  of  the  river  for  various  values  of  freshwater  discharge.  Various 
methods  have  been  used  for  calculating  flushing  times  in  estuaries,16  but  in  this 
brief  section  we  shall  simply  follow  the  treatment  given  by  Bowdenu  to  obtoin  a 
relation  between  flushing  time  ond  freshwater  discharge  for  o  very  special  case. 
The  assumptions  are  (l)  that  the  pollutant  is  introduced  into  the  water  at  the  head 
of  the  estuary,  and  (2)  that  the  density  of  the  pollutont  is  identicol  to  that  of  the 
fresh  water  and  is  uniformly  distributed  in  the  freshwater  inflow. 

The  flushing  time,  t;  is  the  time  needed  to  remove  on  accumulated  volume, 
F,  of  fresh  water  present  at  o  given  instant  due  to  the  rate  of  freshwoter  influx 
(i.e.,  the  fresh  water  discharge),  R.  A  steady  stote  is  assumed,  sa  R  a  Isa  represents 
the  rote  at  which  fresh  water  is  being  removed  from  the  estuary. 
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Fig.  13.  Salinity  Stratification  os  o  Function  of  Locotion  olong  the  Thomas  River: 
Selected  Curves  of  Data  Token  during  Periods  of  Flooding  nnd  High  Tide.  (The 
number  beside  eoch  curve  is  the  rote  (in  cubic  meters  per  second)  of  freshwoter  dis¬ 
charge  for  the  combined  readings  af  the  three  stations  overoged  over  the  two  days 
preceding  the  dote  of  measurement.) 
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Fig.  54.  Solinitry  Strotificotion  as  a  Function  of  Location  olang  the  Thames  River: 
Selected  Curves  of  Data  Token  during  Periods  of  Ebbing  ond  Low  Tido.  (The  num¬ 
ber  bo  si  do  ooch  cur  vo  is  tho  roto(in  cubic  meters  per  second)  of  freshwater  di  schorge 
for  the  combined  readings  of  the  gogjng  stotions  averaged  aver  the  two  doys  pro- 
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The  volume  af  accumulated  fresh  waterin  the  estuary  was  estimated  far  each  af 
several  selected  days  by  relating  the  amount  of  fresh  water  (S  <  1 0 % 0 ) /  shown  in  > 
the  salini  vy  profiles  (Figs.  6through  12),  to  the  surface  area  and  river-bed  topography 
(Table  2  and  Fig.  2,  respectively)  bounding  that  particular  volume  af  fresh  water. 

The  volume  was  then  divided  by  the  estimated  value  af  freshwater  discharge  far 
that  day  ta  obtain  the  flushing  time. 

figure  15  <s  a  plot  af  flushing  time  as  a  function  of  freshwater  discharge .  The 
letter  R  represents  the  combined  values  af  freshwater  stream  flaw  measured  at 
gaging  stations  Q,  S,  and  Y  averaged  over  the  two  days  preceding  the  data  af 
measurement.  As  mentioned  before,  R  represents  approximately  80  percent  (+  6  or  7 
percent)  of  the  value  of  fi^shwater  inflow  that  actually  enters  Long  Island  Sound, 
Therefore,  assuming  a  relatively  small  contribution  from  streams  along  the  length 
of  the  Thames  River,  another  set  of  discharge  values,  R'  =  5/4  R,  has  been  platted 
ta  represent  the  assumed  total  freshwater  discharge  into  the  head  af  the  estuary.  Far 
small  values  af  R  (less  than  6  x  106  n3/day),  it  was  not  possible  to  estimate  the 
value  of  F  from  the  salinity  profiles.  Thegraphshaws  that  for  the  discharge  values 
narmolly  expected  far  this  estuary,  the  flushing  time  ranges  from  about  1 . 5  to  2  days. 

This  flushing  time  af  1.5  ta  2  days  represents  the  very  special  case  of  a  pollutant 
having  characteristics  virtually  identical  ta  those  af  the  incoming  fresh  water.  Far 
the  case  of  a  pollutant  whose  density  lies  between  that  of  fresh  water  and  salt  water 
and  which  becomes  mixed  with  the  river  waters,  the  time  needed  ta  reduce  the 
concentration  af  the  pollutant  to  a  negligible  value  with  respect  ta  the  total  river 
volume  is  estimated  ta  be  approximately  15  days.'7 


CONCLUSIONS  AND  RECOMMENDATIONS 

Observations  af  electrical  conductivity,  temperature,  and  salinity  in  the  Thames 
River  hcve  been  sed  ta  provide  a  description  af  the  salinity  ribution  in  this 
estuary.  Longitudinal  prafi  lesaf  salinity  versus  depth  show  that  the  river  is  basically 
a  twa-layer  flaw-type  estuary,  taking  on  the  characteristics  of  a  salt  wedge  type  af 
estuary  under  conditiansaf  high  freshwater  discharge.  The  freshwaterdischarge  into 
the  estuary  isusually  small,  and  during  mostaf  the  year  theriverisaf  relatively  high 
salinity  throughout  its  length.  During  periods  af  high  stream  discharge,  however, 
the  headaf  the  salt  wedge  may  be  pushed  several  kilometers  downriver  by  the  fresh¬ 
water  flaw  from  the  major  tributaries. 

Salinity  stratification  has  been  platted  as  a  junction  af  location  along  the  length 
of  the  river  far  several  values  of  freshwater  discharge  ta  show  the  effect  of  river 
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topography  upon  the  salinity  structure  during  the  ebb  and  flood  of  the  tides.  The 
occurrence  af  some  degree  of  turbulent  mixing  is  indicated  by  the  data  in  those 
regions  where  sharp  changes  occur  in  the  crass-sectianol  area  of  the  river. 

The  flushing  time  for  a  very  special  case  was  estimated  from  thesolinify  profiles 
to  range  from  about  1 .5  to  2  days,  depending  upon  the  amount  of  fresh  water  dis¬ 
charged  inta  the  river.  This  quantity  moy  be  used  to  estimate  the  time  required  to 
clear  the  estuary  of  a  pollutant  thot  hos  been  introduced  at  the  head  of  the  estuary, 
provided  that  the  pollutant  density  is  virtually  identical  to  that  of  the  fresh  water. 
The  flushing  time  for  denser  pollutants  that  have  become  mixed  in  with  the  river 
waters  may  be  on  the  order  af  15  days. 

The  visual  impressionsof  the  salinity  profilesand  the salir  ity  strati fi cation grophs 
have  served  to  provide  an  introduction  to  the  fresl\/salt  structure  of  this  river. 
However,  even  though  these  profiles  and  graphs  have  numbers  associated  with  them, 
they  might  almost  be  considered  more  impressionistic  and  qualitative  thon  quanti¬ 
tative,  for  the  river  is  dynamic  and  its  charocteristics  are  constantly  changing  even 
as  one  proceeds  from  one  measurement  site  to  the  next.  This  is  not  to  say  that  the 
measured  values  are  not  valid,  but  rather  that  for  proper  interpretation  of  the 
observed  variations  in  the  salinity  distribution  much  more  supporting  information 
will  be  needed.  It  is  important  thot  meteorological  dato  such  as  wind  speed  and 
direction,  air  temperature,  and  upland  rainfall  data  be  obtained  for  the  immediate 
area. 

The  effects  of  the  wind  in  piling  up  ar  blowing  away  the  surfoce  waters  at 
various  locations  along  the  river  and  in  causing  abnormal  tidal  conditions  would 
appear  to  be  a  necessary  consideration.  Data  on  the  river  current  velocity  profile 
at  each  measurement  site  will  be  of  importance  in  determining  the  dynamics  of  the 
•  ariations  in  the  fresh/salt  water  structure.  Transverse  (cross-river)  measurements 
of  conductivity,  temperature,  and  salinity  are  needed  to  provide  information  on 
the  effects  of  eddy  currents  in  the  broad,  shallow  areas  adjoining  the  novigation 
channel . 


The  measurements  reported  here  were  made  for  the  specific  purpose  of  determining 
the  fresh/salt  water  structure  af  the  Thames  River  in  support  of  a  porticulor  laboratory 
investigation.  Na  provisions  were  made  ta  obtain  auxiliary  information  such  os  the 
instantaneous  current  velocity  or  the  tide  height  at  eacHsiteui  ine  time  of  measure¬ 
ment.  Future  work  will  include  provisions  for  simultaneously  obtaining  data  on  as 
mony  of  the  associated  parameters  as  found  necessary. 
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Related  measurements  will  be  mode  as  time  permits.  For  example,  a  series  of 
current  velocity  measurements  is  to  be  made  shortly.  Three  Braincon  ducted-impel  ler 
current  meters,  mounted  at  intervals  along  a  staff,  will  be  immersed  vertically  in 
the  stream  to  obtain  current  velocity  profiles  at  selected  sites  along  the  river. 
Measurements  will  be  made  first  at  sites  having  relatively  narrow  cross  sections 
(Sites  6,  10,  and  14).  Subsequent  measurements  may  then  be  made  in  the  shallow 
areas  for  studies  of  eddy  currents. 

Far  the  planning  af  future  measurements,  it  is  suggested  that  the  river  may  be 
divided  into  several  major  sections  according  to  the  effectsof  the  topography  of  the 
river  bed  upon  the  salinity  distribution ond  the  salinity  strati  ficationcharacteristics. 
Such  a  division  may  allow  a  more  meaningful  description  of  the  estuary  for  some 
applications  than  would  a  general  description  of  the  river  as  a  whole.  An  arbitrary 
division  of  the  Thames  River  is  shown  on  the  map  at  the  top  of  Fig.  14,  where  the 
segments  have  been  designated  as  A,  B,  C,  D,  and  E  (See  also  Table  3).  These 
quite  natural  divisions  are  bounded  as  follows: 

A  —  New  London  Harbor  —  bounded  at  the  mouth  by  a  line  connecting  Eastern 
Point,  Groton,  with  the  New  london  Ledge  Light  andot  its  north  end  by  the 
railroad  and  highway  bridges. 

B—  Coast  Guard-Submarine  Base  Area  —  bounded  at  its  lower  end  by  the 
railroad  and  highway  bridges  and  at  its  upper  end  by  thetopof  the  wideiy 
dredged  turning  basin  near  Smith  Cove. 

C  —  Harvard-Yale  Boathouse  Area  —  bounded  at  its  lower  end  by  the  beginning 
of 'the"  narrow  channel  near  Smith  Cove  and  at  its  upper  end  by  the  con¬ 
striction  of  the  river  at  the  location  of  the  overhead  power  cable  crossing 
just  above  Horton  Cove. 

D  —  Massapeag  Shallows  Area  —  bounded  at  its  lower  end  by  the  constriction 
of  the  river  at  the  overhead  power  cable  crossing  ond  at  its  upper  end  by 
the  Mohegan-Pequot  Bridge.  The  river  is  spread  out  over  a  relatively  large 
exponse  of  shallows  to  one  or  the  other  side  of  the  channel. 

E  —  Long  Rock  Dike  Area  —  bounded  at  its  lower  end  by  the  Mohegan-Pequot 
Bridge,  and  at  its  upper  end  by  the  Norwich  tidal  basin.  This  area  features 
severol  stretches  of  rock  dikes  along  the  sides  of  the  navigation  channel. 


far  some  applications  in  acoustics  and  electromagnetics,  questions  arise 
concerning  predictionof  characteristics  of  estuaries  ingeneral .  Howcanone  predict, 
for  example,  the  expected  thickness  of  the  freshwater  layer  and  the  thickness  of  the 
transition  layer  between  the  fresh  and  salt  waters  ot  any  desired  location  along  on 
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estuary,  given  the  upland  freshwater  discharge,  the  tidal  and  current  information, 
and  the  meteorological  data  far  that  areo?  By  what  parameters  may  a  river  or  estuary 
be  characterized  in  order  thata  minimum  af  sampling  is  required  far  an  instantaneous 
readout  af  salinity  distribution?  It  would  appear  that  a  judicious  choice  af  the 
parameters  ta  be  measured  cauld  lead  to  a  rapid  hit-and-run  technique  that  would 
require  only  that  the  sampling  be  dane  during  a  specific  set  af  conditions,  such  as 
at  a  certain  tide  phase  immediately  following  a  significant  rainfall. 

The  experience  ta  be  gained  in  studying  the  Thames  River,  which  is  right  at 
aur  awn  daarstep,  will  add  much  ta  our  capabilities  far  future  studies  af  other 
estuarine  areas. 
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Appendix  A 


GRAPHS  OF  CONDUCTIVITY,  TEMPERATURE,  AND 
SALINITY  VERSUS  DEPTH 

The  fallowing  28  sets  af  graphs  shaw  the  profiles  af  conductivity,  temperature, 
and  salinity  values  as  a  function  af  depth  pt  eoch  of  'he  measurement  sites  an  26 
different  days.  Theconductivity  and  tefejperoUke scales  are  the  same  (0  ta  40  units) 
for  all  thegrophs.  However,  it  should  be  noted  thot  ol though  the  temperature  scales 
arealleight  units  wide,  the  scale  limits  have  been  shifted  as  necessary  ro  accommodate 
seasonal  chonges. 
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Fig.  A- 2.  Conductivity,  Temperature,  and  Solinity  Profiles  for  12  July  1968 
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Fig.  A*3.  Conductivity,  Temp«rotur«,  and  Salinity  Profiles  for  19  Julv  19 
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Fig.  A- 6  Conductivity,  Temperature,  and  Salinity  Proftles  lor  26  September  1968 
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Fig.  A-12.  Conductivity,  Temperature,  and  Salinity  Profiles  for  14  Jonuory  1969 
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Fig.  A- 13.  Conductivity,  Temperature,  and  Salinity  Profiles  far  22  January  1969 
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Fig.  A-15.  Conductivity,  Tomporoturo,  and  Saiimty  rrofilti  for  5  February  1569 
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Fig.  A-16.  l_onductivity,  1  emperature,  or»d  Sol  ini  ty  Profile*  for  12  Februory  1969 
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Fig.  A  17.  Conductivity,  Temperature,  and  Salinity  Profile*  for  20  February  1969 
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Fig.  A-19.  Conductivity,  Tamparotura,  ond  Solinity  Peofil*<  for  13  March  1969 
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Fig.  A-20.  Conductivity,  Temporotvro,  ond  Salinity  Profiloi  for  20  More h  1969 
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Fig.  A-21.  Conduct!  vify,  T«mpero;gr«,  ond  Saliiti.y  for  27  Morch  190 
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DEPTH  {  m ) 
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P'S.  A-22.  Conductivity.  Temperotura,  and  Salinity  Profiles  lor  7  April  1969,  Upriver 
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Fig.  A-23.  Conductivity,  T»mp«  otur*,  ond  Salinity  Prafilai  far  7  April  1969,  Downrivar 
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F'g.  A -24.  Conductivity,  "I  emperoturo,  and  Salinity  Profile*  for  21  April  1969 
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Fig.  A-25.  Conductivity,  Tomporoturo,  ond  Salinity  Profilot  for  30  April  1969 
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Appendix  B 


LOG  OF  MEASUREMENTS  MADE  IN 
THE  THAMES  RIVER 

A  log  of  the  meosu remen ts  mode  in  the  Thornes  River  from  5  July  1968  through 
9  June  1969  is  contained  in  Toble  B-l .  Also  included  in  the  toble  is  a  listing  of 
the  wark  done  ond  the  reoson(s)  for  discontinuance. 
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Table  B-l 


LOG  OF  MEASUREMENTS  MADE  IN  THE  THAMES  RIVER  FROM 
5  JULY  1968  THROUGH  9  JUNE  1969 


Date 

Data  (%) 

Weather 

5  Jul  1968 

100 

Clear 

12  Jul  1968 

100 

Clear 

19  Jul  1968 

68 

Overcast 

Fog  and  rein 

5  Aug  1968 

75 

Cleor 

1 1  Sep  1968 

43 

Overcost 

High  winds  and 
rough  water 

16  Sep  1968 

100 

Clear 

Wind  N  5  knots 

26  Sep  1968 

31 

Portly  cloudy 

Rain  and  fog  in 
morning 

Wind  NE  10  knots 

9  Oct  °68 

81 

Clear 

Wind  NNE 

16  Oct  1968 

75 

Fog 

Winds  W  15  knots 

Seas  1-2  ft  at  Site  1 

25  Oct  1968 

12 

Overcast 

Fog  and  roin 

1  Nov  1968 

68 

Cleor 

Winds  N  5  -10  knots 

18  Nav  1968 

50 

Clear 

9  Jan  1969 

37 

Clear 

Wind  NNW  8  knots 

14  Jan  1969 

50 

Clear 

Wind  20  knots 

Ice  obove  Site  10 

6‘ 


Table  B-l  (Cant’d) 

LOG  OF  MEASUREMENTS  MADE  IN  THE  THAMES  RIVER  FROM 
5  JULY  1968  THROUGH  9  JUNE  1969 


Date 

Data  {%) 

Weather 

22  Jan  1969 

100 

Clear 

Wind  NE  10  knots 

27  Jan  1969 

68 

Partly  claudy 

Wind  NW  20  knots 

Ice  above  Site  1 1 

5  Feb  1969 

31 

Partly  claudy 

Ice  above  Site  7 

Winds  WNW  20  kncts 
Seas  2-3  ft  at  Site  1 
Visibility  10  mi 

12  Feb  1969 

100 

Clear 

Winds  calm 

Seas  calm 

Visibility  10  mi 

20  Feb  1969 

100 

Overcast 

Winds  NNE  20  knots 
Seas  1-2  ft 

Visibility  10  mi 

6  Mar  1969 

100 

Clear 

Winds  calm 

Seas  calm 

Visibility  10  mi 

13  Mar  1969 

68 

Partly  claudy 

Winds  NW  5  knots 
Visibility  8-10  mi 

20  Mar  1969 

75 

Clear 

Winds  calm 

Seas  calm 

Visibility  10  mi 

Table  B-l  (Canted) 


LOG  OF  MEASUREMENTS  MADE  IN  THE  THAMFS  RIVER  FROM 
5  JULY  1968  THROUGH  9  JUNE  1969 


Date 


27  Mar  1969 


7  Apr  1969 


Data  (%) 
93 


l 

(bo.  jf,,  iver 
and  downriver) 


21  Apr  1969 


87 


28  Apr  1969 
30  Apr  1969 


12 

50 


5  May  1969 


81 


Weather 


Partly  claudy 
Winds  NW  25  knat„ 
Seas  NW  2  ft 
Visibility  10  ml 
Rough  seas  at 
Site  1  prevented 
measurement 

Clear 

Winds  W  5  knots 
Seas  calm 
Visibility  6-7  mi 

Partly  claudy 
Winds  SE  6  knots 
Seas  calm 
Visibility  10  mi 

Clear 

Partly  claudy 
Winds  NE  10-15  knots 
Seas  NE  0-1  ft 
Visibility  8  mi 
Aborted  because  af 
threatened  rain 

Clear 

Winds  calm 
Seas  calm 
Visibility  10  mi 

Clear 

Winds  W  10  knots 
Sens  calm 
Visibility  14  mi 

Claudy 

Winds  10-15  knots 
Visibility  5  mi 


9  Jun  1969 


69 


Appendix  C 

SUPPORTING  DATA  FOR  SALINITY  STRATIFICATION  CURVES 

The  tobies  included  in  this  appendix  are  provided  ta  indicate  the  data  that  were 
used  in  deriving  the  graphs  af  salinity  stratification  versus  location  along  the  river 
(See  Figs.  13  and  14  in  the  main  text).  The  tables  are  as  fallows: 

Toble 

C-l  Conversion  table  far  the  units  used. 

C-2  Total  daily  discharge  values  far  the  Quinebaug,  Shetucket,  and 

Yontic  River  gaging  stations. 

C-3  Various  averoges  af  freshwater  discharge  values. 

C-4  Measurement  dates  in  order  af  decreasing  values  af  freshwater 

discharge. 

C-5  Arbitrary  division  of  measurements  inta  twa  groups  far  platting 

salinity  stratification  curves. 

C-6  Tables  af  salinity  stratification  values. 


Table  C  -1 

CONVERSION  TABLE  FOR  THE  VARIOUS 
UNITS  USED 


Ta  convert 

To 

Multiply  by 

V°l,Jme  1  ft  Vsec 

m 

Length  ^  . 

nmi 

'm 

Area 

lm2 

ft3/sec 

m3/sec 

knots 
m/  sec 

ft 

m 

m 

nmi 

m7 

ft2 

35.3144 

0.02832 

1.944 

0.5144 

3.2808 

0.3048 

1852. 

5.396  x  10*4 

0.0929 

10.764 
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labia  C-2 


TCTAl.  OF  DAILY  DISCHARGE  VALUES  Of  GUINE6AUG,  SHETUCKET,  AND  YANTIC  RIVER', 
AS  MEASURED  AT  GAGING  STATIONS  Q,  S.  AND  Y  (Ii'/mc) 


Oojf 

I960 

1969 

Month 

Mor 

Jul 

Aug 

S«p 

Oct 

Nov 

Doc 

Jon 

Mar 

Asr 

Moy 

Jon 

~n 

SI  26 

2H5 

3660 

3-45 

422 

244 

301 

354 

1065 

2790 

2016 

1060 

5409 

3678 

1402 

J 

4788 

1946 

3109 

2907 

496 

241 

200 

344 

1059 

2455 

1009 

5017 

4597 

33*4 

1258 

3 

4301 

1799 

3532 

2376 

471 

235 

138 

344 

1150 

2150 

167*; 

1015 

4494 

3002 

1272 

4 

3992 

1755 

3427 

2026 

436 

233 

322 

333 

1572 

1797 

1678 

1053 

4206 

2705 

1127 

5 

3V9? 

1628 

3151 

1072 

407 

289 

206 

320 

4835 

1514 

1463 

1087 

4674 

2496 

986 

6 

369? 

1563 

2591 

1692 

?62 

372 

267 

307 

4324 

1343 

1390 

1064 

2936 

2205 

091 

7 

3235 

1503 

2190 

1490 

359 

380 

370 

346 

3410 

1313 

1230 

1047 

7683 

2065 

924 

8 

2063 

1308 

1094 

132> 

371 

385 

419 

535 

2773 

1300 

1117 

1230 

6497 

22*6 

822 

9 

2701 

1306 

1009 

1238 

366 

444 

426 

596 

2161 

1.7*6 

1094 

1343 

5536 

2922 

739 

10 

2408 

1271 

1609 

1112 

395 

404 

407 

804 

til  2 

1223 

1160 

1263 

5027 

4482 

670 

n 

2168 

1126 

1906 

1075 

727 

449 

384 

1609 

1344 

1 1 25 

1343 

1163 

4553 

3920 

713 

!  » 

3000 

2206 

2591 

940 

639 

405 

376 

1701 

1279 

1005 

1377 

1126 

4010 

3420 

853 

u 

1940 

32?  1 

51 -.4 

919 

531 

630 

360 

2570 

1210 

1039 

1220 

1153 

4320 

2959 

702 

!  14 

1059 

2691 

5137 

905 

477 

668 

347 

2105 

1359 

1013 

1174 

1179 

3171 

2437 

727 

IS 

1924 

2221 

4469 

382 

411 

789 

338 

1719 

3434 

1004 

1117 

1229 

2905 

2159 

702 

16 

1044 

1957 

3018 

053 

393 

752 

105 

1361 

35*4 

966 

1013 

1375 

2720 

2035 

936 

17 

1760 

1903 

3490 

7/i 

402 

786 

245 

1146 

2995 

929 

1012 

1521 

2071 

1902 

1070 

18 

1673 

1779 

3312 

IC2I 

396 

686 

340 

1152 

2567 

923 

1044 

1960 

2815 

1740 

901 

19 

1593 

2229 

2009 

1154 

362 

508 

344 

1088 

2229 

1060 

1043 

2605 

5528 

1633 

010 

20 

1506 

2509 

3190 

1050 

344 

337 

371 

1930 

2061 

1229 

1023 

3174 

8219 

2767 

293 

1  21 

1439 

2495 

3112 

867 

347 

284 

376 

1647 

1887 

1229 

1022 

4483 

6344 

6419 

828 

|  22 

1423 

2237 

2566 

785 

362 

250 

353 

1438 

1742 

1137 

1047 

5926 

573* 

5072 

813 

23 

1341 

2099 

2191 

723 

367 

220 

176 

1218 

2025 

1121 

1006 

5146 

10030 

3750 

727 

» 

1409 

2270 

1900 

642 

322 

221 

197 

1055 

2479 

1442 

1113 

5114 

99*8 

2994 

754 

» 

4394 

2331 

1907 

642 

335 

213 

264 

946 

1939 

2525 

1194 

11440 

924C 

2639 

749 

2b 

4656 

1949 

3661 

596 

317 

298 

348 

876 

1750 

2496 

1241 

16900* 

7961 

2479 

716 

27 

372; 

1701 

3903 

549 

294 

345 

391 

864 

1713 

2039 

1107 

12227 

6235 

2233 

666 

20 

3164 

1543 

4467 

408 

203 

258 

401 

033 

1020 

1676 

1130 

9029 

5074 

1999 

6)2 

2* 

2690 

1984 

5549 

445 

271 

125* 

397 

1035 

3661 

1395 

8437 

4516 

1720 

55* 

30 

2342 

4912 

4592 

437 

265 

246 

302 

1191 

3223 

1367 

7224 

3959 

1632 

497 

1  31 

4392 

404 

254 

373 

2688 

1863 

6373 

1755 

|  Col 

Tviol 

81&52 

66)19 

96083 

36000 

12194 

11784 

10020 

32655 

70878 

45852 

34873 

’20013 

167028 

07003 

25382 

Monthly 

Mf<m 

2728.4 

2132.9 

3229  4 

1161.5 

393.4 

392.8 

323  2 

1088.5 

2286.4 

1479.1 

1245.4 

3897.  2 

5567.6 

2809.  * 

846.1 

L 

*Min.  125 

*Mo . .  16900 
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Tobl*  C-3 

VARIOU5  AVERAGES  OF  FRESHWATER  DISCHARGE  FROM  5  JULY  l<>68  THROUGH  9  JUNE  1969  (ft '/tie) 


Month 

ond 

Day 

Diichorg*  on 
Doy  r 

Average  Diichorg* 
For  Doyi  1,2" 

Diichorg*  on 
Day  2 

Avoroge  Discharge 
for  Days  2,3’ 

Diichorg*  on 
Day  3 

Averoge  Discharge 
for  Doys  1,  2,  3 

Average  Discharge 
for  Doyt  2,3,4* 

Jul  5 

1872 

1949 

2026 

2212 

2397 

2098 

2470 

12 

948 

;  WM  i 

1025 

1069 

1112 

1028 

1125 

1? 

1154 

••  CTi  ~ 

1021 

896 

771 

982 

882 

Aug  5 

407 

411 

436 

454 

471 

438 

468 

Sep  16 

752 

770 

789 

728 

668 

736 

26 

298 

256 

213 

217 

221 

244 

Oct  9 

426 

423 

419 

398 

378 

408 

355 

16 

185 

262 

338 

343 

347 

290 

349 

Nov  1 

354 

364 

373 

378 

382 

369 

384 

Jon  9 

1296 

1298 

1300 

1307 

1319 

M 

1013 

1026 

1039 

1062 

1083 

22 

1137 

1233 

1229 

1229 

1232 

1175 

27 

2039 

2268 

2496 

2511 

2687 

2154 

Feb  5 

1463 

1570 

1678 

mr  1 

1674 

1605 

1720 

12 

1360 

1343 

1160 

1293 

1199 

20 

1033 

1043 

1044 

1044 

1037 

1033 

Mar  6 

1084 

1086 

1087 

1070 

1053 

1075 

13 

1153 

1140 

1126 

1159 

1183 

1154 

20 

3174 

2889 

2605 

2282 

I960 

27 

12227 

14564 

16900 

14170 

11440 

Apr  7 

7683 

7809 

7936 

6305 

4674 

6764 

5605 

21 

6344 

7282 

82.9 

6874 

5528 

6697 

5521 

30 

3959 

4238 

4516 

4795 

5074 

4516 

5275 

May  5 

2496 

2600 

2705 

2854 

3002 

12 

3420 

3674 

3928 

4205 

4482 

■ 

Jun  9 

739 

780 

822 

873 

924 

828 

879 

’Doy  1  it  th*  dot*  of  m«osor*ment. 

'*Do/  2  >i  th*  doy  b*fof*  th*  dot*  of  m«otur*m*nt. 
Day  3  It  two  days  b«for*  th*  dot*  of  meoturtment. 
»Doy  4  It  thr«*  doyt  befor*  th*  dot*  of  m*otur'.rt*nt. 
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Table  C-4 


MEASUREMENT  DATES  IN  ORDER  OF  DECREASING  VALUES  OF  FRESHWATER  DISCHARGE 
FROM  5  JULY  1968  THROUGH  9  JUNE  1969 


Discharge  an 
Duy  I* 

Average  Discharge 
Day.  5,2- 

Discharge  on 
Day  2 

Average  Discharge 
Days  2 ,  3T 

Discharge  an 
Jay  3 

Average  Discharge 
Days  1,2,3 

Average  Discharge 
Days  2, 3,4* 

Mar  27 

Mar  27 

Mor  27 

Mar  27 

Mar  27 

Mar  27 

Mor  27 

Apr  7 

Apr  7 

Apr  21 

Apr  21 

Apr  21 

Apr  7 

Apr  7 

j  Apr  21 

Apr  21 

Apr  7 

Apr  7 

Apr  30 

Apr  21 

Apr  21 

|  Apr  30 

Apr  30 

Apr  30 

Apr  30 

Apr  7 

Apr  30 

Apr  30 

May  12 

May  12 

May  12 

May  12 

May  12 

May  12 

May  12 

Mar  20 

Mar  20 

May  5 

May  5 

May  5 

May  5 

May  5 

May  5 

May  5 

Mar  20 

Jan  27 

Jan  27 

Jan  27 

Jul  5 

Jon  27 

Jan  27 

Jon  27 

Mor  20 

Jul  5 

Mor  20 

Jan  27 

Jul  5 

Jul  5 

Jul  S 

Jul  5 

Mar  20 

Jul  5 

Mar  20 

Feb  5 

Feb  S 

Feb  5 

Feb  5 

Feb  5 

Feb  S 

Feb  S 

Feb  12 

Feb  12 

Feb  12 

Jan  9 

Jan  9 

Jon  9 

Jan  9 

Jan  9 

Jan  9 

Jon  9 

Feb  12 

Jan  22 

Feb  12 

Feb  12 

Jul  19 

Jan  22 

Jon  22 

Jan  22 

Mar  13 

Jan  22 

Mar  13 

Mar  13 

Mar  13 

Mar  13 

Mar  13 

Feb  12 

Mar  13 

Jan  22 

Jan  22 

Jul  19 

Mai  6 

Mar  6 

Jul  12 

Mar  6 

Jul  12 

Mar  0 

Mar  6 

Feb  20 

Jul  12 

Jan  14 

Jan  14 

Jan  14 

Feb  20 

Feb  20 

Jan  14 

Jan  14 

Mar  6 

Feb  20 

Mar  6 

Jan  14 

Jon  14 

Jul  12 

Feb  20 

Feb  20 

Jul  12 

Feb  20 

Jul  12 

Jul  12 

Jul  19 

Jul  19 

Jun  9 

Jul  19 

Jui  19 

Sep  16 

Jun  9 

June  9 

Jun  9 

Jul  19 

Jun  9 

Jun  9 

Jun  9 

Sep  16 

Sep  16 

Sep  16 

Sep  16 

Sep  16 

Sep  16 

Oct  9 

Oct  9 

Aug  S 

Aug  5 

Aug  5 

Aug  5 

Aug  S 

Aug  5 

Aug  5 

Oct  9 

Oct  9 

Nov  1 

Oct  9 

Nav  1 

Nav  1 

Nav  1 

Nav  1 

Nav  1 

Oct  9 

Nav  1 

Oct  9 

Sep  26 

Oct  16 

Oct  16 

Oct  16 

Oct  16 

Oct  16 

Oct  16 

Oct  16 

Sep  26 

Sep  26 

Sep  26 

Sep  26 

Sep  26 

Sep  26 

'Day  1  is  the  date  af  measurement. 

'’Day,  2  is  the  day  before  the  date  af  measurement. 

Day  3  is  twa  days  before  the  date  af  measurement. 

*Doy  4  is  three  days  before  the  date  af  measurement. 
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Toble  C-6 


SALINITY  STRATIFICATION*  FOR  FLOODING  AND  HIGH  TIDE  AND  EBBING  AND  LOW  TIDE 
FROM  5  JULY  1968  THROUGH  9  JUNE  1969 

a.  Flooding  ond  High  Tide 


t>.  Ebbing  and  Low  Tidft 


5  Jul 

12  F«b 

0.062 

0.165 

0.068 

0.166 

0.076 

0.029 

0.084 

0.224 

0.750 

0.280 

1.01 

0.464 

1.09 

0.662 

1.11 

0.718 

1.13 

0.680 

1.21 

0.801 

1.22 

0.794 

1.28 

1.00 

1.46 

1.13 

1.48 

1.22 

1.56 

1.38 

1.49 

1.51 

»op-to-bottom  tolinify  diff«r*nc« 
meon  mlinity  through  river  crow  lection 
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Appendix  D 

GRAPHS  OF  SOUND  VELOCITY  VERSUS  DEPTH 

program  prepored  by  the  Data  Analysis  and  Computing  Center  at  NUSC 
v/os  used  to  colculate  the  sound  velocity  as  i  function  of  temperature,  salinity, 
depth,  and  latitude.  The  prao;am  is  based  an  Wilson's  equations,01  which  were 
developed  by  least-squares  fit  to  581  measured  points  in  the  temperature  range 
-*»’C  <  T  <  30eC,  the  pressure  range  1 .033  kg/cmJ  <  P  <  1000  kg/cm2,  and  the 
salinity  ronge  0e/oo  <  S  <  37  */00  . 

The  equotion  for  the  speed  of  sound  in  seo  water  is  given  by 

V  ^  1449.14  +VT  +  Vp  +  Vs  +  VSTp 

VT  =  4.5721T  - 4.4532  xlO'2T2—  2.6045  x  ID'4  T3  ■>  7.9851  x  10'6  T4 

Vp  =  1.60272  x  10*1  P  +  1.0268  x  10‘5  P2  +  3.5216  x  10*9  P3  -  3.3603  x  10‘12  P4 

Vs  =  1.39799  (S-35)  +1.69202  xl0‘3(S-35)2 

VSTp  =  (S-35)  (-1.1244  xl0'2T+  7.7711  x  10‘7 T2  +  7.7016  x  10'5  P  -  1.2943  x  10'7P2 
+  3.15»0  x  10'fl PT  +  1.5790  x  10'9PT2)  +  P (-1.8607  x  10  4T  +  7.4812  x  10'*T2 
+  4.5283  x  10-®T3)  +  P2(-2. 5294  x  10‘7T  +  1.8563  x  10‘9T2)  +P3(-1.9646  x  10,loT), 


where 

VT,  Vp,  Vj,  VSTP  ere  chenges  introduced  by  temperetwe,  pressure,  selinity,  end 
simulteneeus  chenges  dun  to  ell  three  parameters. 


The  measured  data  easily  fit  the  ronge  of  the  equation.  However,  the  sound- 
velocity  profiles  represent  the  velocity  structure  only  at  the  time  of  measurement 
of  the  physical  parameters.  A  velocity  contour  con  not  be  established  nar  can 
anything  be  said  about  future  predictions. 


01  w.  p  Wflssn,  "Eduction  lor  the  Speed  of  Sound  in  Sea  Water,”  Journal  of  the  Acouit,,oi  Sm,j»ly  of 
Amerieo,  vol,  32,  no.  10,  October  I960,  p.  1357. 
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Fig.  D-1.  Sound  Velocity  Profiles  for  5  July  1968 
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Fig.  D-10.  Sound  Velocity  Profile*  for  20  March  1969 


—  0 

—  3 

—  6 

—  9 

—  12 
—  0 

—  3 

—  6 

—  9 

—  12 
—  0 

-3 

—  6 

—  9 


—  12 
—  0 

-3 

—  6 

—  9 

—  12 


83 


ocpth(») 


77  MAR  W* 


0  — 

3  — 

6  — 

9  — 


I  i  I  i  i  i  I  i  I  I  i  I  i  I  i  I  i  I  I  i  I  i  I  i  i  i  I  I  i  1  i  1  i  I  i 

"  r  \ 


© 


'  N 


<D 


-o 

—  3 

—  6 

—  9 


12- 

0- 


9  — 


3  — 


9  — 


(8) 


J  L 

1  r 


-12 
—  0 


—  3 


—  6 


—  9 


—  12 
—  0 


—  3 


—  6 


—  9 


12 

0- 


3 

6  - 

9 

12- 


@ 


—  12 
—  0 


—  3 


—  9 


•12 


i  i  i  !  i  !  i  »  i  i  «  !  !  !  !  i  I  !  !  1  !  1  i  '  !  1  !  !  '  !  1  !  '  !  1  I 

1400  1440  1480  UOO  1440  1480 1400  1440  1480  1400  1440  1480 

SOUND  VELOCITY  (»/*•«) 

Fig.  D-11.  Sound  V»loeity  ProfiUt  for  2 7  March  1969 


84 


DCPTH  |«) 


7  APR  1969  UPRIVER 


>—  ©  ®  ®  -9 


!2  -  '  1  -  -  12 

i  I  |  I  j  I  |  i  j  I  i  j  I  j  i  j  i  |  j  i  i  i  j  i  s  i  ;  |  t  ;  i  i  i  j  i  | 

UOO  1440  1480  I40C  1440  1480 1400  1440  1480  1400  U40  1480 

SOUND  VELOCITY  |w/»*c) 

Fjy.  D- 12.  Sound  Velocity  Profilei  for  7  April  1969,  Upriver 


85 


DEPTH  lm) 


7  AW  1969  DOWN  RIVR 


0  — 

3  — 

6  — 

9  — 


12  — 
0  — 

3- 


6  — 


9  — 


12  — 
0  — 

3- 


6  — 

9  — 


12  — 
0  — 

3  -  - 

6  — 

9  - 


12- 


M  I  1  I  U  1  I  I  '  I  i  I  U  1  I  I  1  I  '  M  I  !  I  I  '  1  1  I  1 

i«GO  U«u  Uau  iiuu  1440  i*au 1400  1440  1*60  i4G0  UiO 

SOUND  VELOCITY  («/*•£  J 


1  I 

I  *80 


—  0 

—  3 

—  6 


—  9 


—  6 


—  9 


—  12 
—  0 


—  3 


—  6 

—  9 


—  12 
-0 

—  3 

—  6 


—  9 


—  12 


Fij.  0-13.  Sound  Velocity  Profiles  for  7  April  1969,  Downriver 


86 


12  MAY  1969 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


'l  s  \ 

®  ®  ©  © 


I  I  !  '  I  '  I  1  I  I  '  I  1  i  1  I  1  !  I  '  I  '  I  '  I  1  I  1  1  I  ■!  1  I  1  I 

too  1440  14S0 1400  1440  14B0 1400  1440  1480  1400  1440  1480 

SOUND  VElOClTY 


-  0 

—  3 

—  6 

—  9 

— 12 
-0 

—  3 

—  6 

—  9 

—  12 
-0 

—  3 

—  6 

-  9 


-  12 
—  0 

—  3 

—  6 

—  9 

—  12 


Fig.  D-14.  Sound  V#locity  ProfiUj  for  12  Mcy  1969 


87/88 
REVERSE  BLANK 


